Definitions of learning vary widely across disciplines, driven largely by different approaches used to assess its occurrence. These definitions can be better reconciled with each other if each is recognized as coherent with a common conceptualization of learning, while appreciating the practical utility of different learning definitions in different contexts.
The challenges of defining learning
Learning is a major focus of research in psychology, neuroscience, behavioral ecology, evolutionary theory, and computer science, as well as in many other disciplines. Despite its conceptual prevalence, definitions of learning differ enormously both within and between these disciplines, and new definitions continue to be proposed [1] . Ongoing disputes over the definition of learning generate uncertainty regarding the boundaries of the learning concept and confuse assessments about which phenomena genuinely constitute learning. These disputes impair transdisciplinary collaboration and synthesis between conceptually related fields. Many of the definitions in use by these different disciplines, however, can be aligned with a common 'umbrella concept' of learning that can be applied across disciplines by considering learning simply as the processing of information derived from experience to update system properties [2] [3] [4] [5] . Many of the definitions also have clear practical utility in that they reflect a variety of approaches to determine whether or how learning has occurred. We argue that embracing the multiple definitions defined by individual subfields (Table S1 in the supplementary material online) -while simultaneously recognizing their shared relationship to this umbrella concept -will facilitate the integration of neurophysiological, psychological, computational, and evolutionary approaches to learning.
The difficulty of establishing a single satisfactory scientific definition for learning has long been recognized [6] . Perhaps owing to this difficulty, many contemporary psychology and neuroscience textbooks avoid defining learning altogether, preferring instead to explain specific experimental subtypes of learning (such as operant conditioning or habituation) for which it is easier to offer an experimentally supported definition (Table S1 ). A weakness of this approach, of course, is that it discourages engagement with the complexity of the learning concept and its manifestations within different areas of study.
While the specific definitions of learning can vary substantially among fields and even within fields (Table S1) , most contemporary theoretical considerations of learning view it as a structured updating of system properties based on processing of new information [2] [3] [4] [5] . This concept of learning can operate across disciplines. It does not necessarily imply specific mental states, cognitive processes, or processing by neurons. It does not limit learning to complex brains: learning can be instantiated in machines or reflex arcs. It emphasizes that learning is not behavioral change; however, changes in behavior, neural systems, or other elements of the performance of a system all can be useful and practical experimental methods to assess whether learning has occurred.
Despite this general underlying conceptual consensus, there is a wide range of highly specified definitions of learning that vary between disciplines. These variations often arise out of the endeavors of the experimental scientist. Because learning is a concept of information processing, it can rarely be measured directly: instead, it is often inferred to have taken place by changes in the (biological, artificial, or virtual/computational) system's properties or performance. For this reason a range of pragmatic definitions of learning delimit the concept in such a way that it can be addressed experimentally [1, 7] . Many define learning as a change in behavior, and some define learning as changes in the mechanisms that enable behavioral change (Table S1 ). These pragmatic definitions vary between disciplines and have merit and utility in different experimental circumstances. By appreciating the situational advantages of these different perspectives, and by describing how the term is being employed in a specific context, scholars of learning can minimize confusion within fields of study and facilitate the meaningful translation of studies of learning across the disciplines.
Learning as a change in behavior
Learning is commonly defined as behavioral change. Early on, Skinner [6, 8] , promoted this approach by arguing that,
